We unify the gravitational eld with its source by considering a new type of 5D manifold in which space and time are augmented by an extra dimension which induces 4D matter. The classical tests of relativity are satis ed, and for solitons we obtain new e ects which can be tested astrophysically. The canonical cosmological models are in agreement with observations, and we gain new insight into the nature of the big bang.
Introduction
The gravitational eld is commonly regarded as an e ect of its source, matter. But it has been frequently argued that the separation between a eld and its source is arti cial, and that a uni ed description is desirable. For example, Einstein is reputed to have spent considerable e ort on trying to transmute the \base-wood" of the right-hand side of his eld equations (the energy-momentum tensor) into the \marble" of the left-hand side (what is now called the Einstein tensor) 1]. A related idea due originally to Mach is that the local inertial properties of matter should be connected with the properties and distribution of other material in the universe at large 2]. In recent years, much of the work aimed at extending our knowledge of the gravitational and other elds has concentrated on developing theories in more than the 4 dimensions of general relativity, hence supergravity, superstrings and the various Kaluza-Klein theories [3] [4] [5] [6] . In what follows, we will show how the gravitational eld and matter can be uni ed in a way that incorporates Mach's principle, using pure geometry in 5 dimensions.
A question that naturally arises at the outset is why it is possible to provide a good geometrical description of matter using only one extra coordinate (say ), whereas other theories of extended spacetime involve several and even then run into well-known problems.
The answer lies in the generality of our approach. First, we allow the metric coe cients to depend on the extra coordinate (i.e. we do not assume the existence of a Killing vector in the -direction as in most work on Kaluza-Klein theory). Then appropriately de ned quantities which depend on and derivatives w.r.t. give good de nitions for properties of matter such as the pressure and density. A corollary is that is related to the rest mass of a particle in the uid. Second, we do not assume compacti cation of the extra dimension, or (since is related to mass) assume it is spacelike. Then we avoid the hierarchy problem and the cosmological constant problem (wherein particle masses and the energy density of the vacuum as calculated using other extended theories turn out to be many orders greater than observed). A related and novel aspect of our approach is that we go from 5 back to 4 dimensions using a hypersurface condition, not by dimensional or dynamical reduction 7].
That is, we explain the apparently 4D nature of the world as a consequence of the fact that 4D physics works on a hypersurface = constant of a 5D manifold.
That it should be possible to explain the mechanical properties of matter in terms of only one extra parameter (say a coordinate or function of it) can also be appreciated more intuitively. Mechanics is formulated at a fundamental level in terms of base quantities of mass, length and time. The rst and least are scalar in nature while (for reasons unknown) length is 3-vector in nature. Special and general relativity are theories of (3+1) space-time, but in order to incorporate the properties associated with mass we should add an extra parameter. Returning to technical considerations, this should clearly be done in a covariant manner. Therefore the appropriate formalism is 5D Riemannian geometry. Below, we will adopt the simplest eld equations for this case, and essentially describe the world in terms of pure geometry in 5D (i.e. vacuum in 5D, though not in 4D). We will reconsider some known results and derive some new e ects . Our resulting theory is not Einstein's general relativity, since apart from possessing an extra dimension it has no explicit energy-momentum tensor. Also, it is not Kaluza-Klein theory, since as outlined above we have not adopted the conditions characteristic of that. Rather, we have an integrated theory of space, time and matter.
Fields and Matter
We let English letters run 0?4, and identify coordinates via (0; 123; 4) (t; r ; ). Greek (1) like those considered below, so we will not treat them explicitly. The rst 10 equations can be written in terms of the 4D Einstein tensor as G = 8 T ( ; = 0 ? 3) : (2) These are formally the same as Einstein's equations of general relativity. However, the e ective or induced 4D energy-momentum tensor is now given in terms of 5D geometrical However, most solutions of (1) for the g ab will have g 6 = 0, so that matter described by (3) will have a di erent equation of state. A detailed investigation shows that we can recover all of the equations of state commonly used in astrophysics and cosmology 9]. In fact, the approach we have adopted does not restrict the consequences of the 5D eld equations (1) in any way, and via (2) and (3) we therefore obtain a geometrical description of 4D matter that is general.
The One-Body Problem
The line element for the one-body problem has been derived and commented on by a number of workers [10] [11] [12] [13] [14] . Using the notation of Gross 
Here M is a dimensional constant related to the mass of the object at the centre of the 3-space, while and are dimensionless constants related by the consistency relation 
which implies that a ' 1; b ' 0 in the solar system (see below). Under the same conditions, the light bending test gives a de ection angle
where r 0 is the impact parameter. The radar ranging or time delay test can be cast in the same form as the 4D result 15], and con rms that departures from Einstein gravity in the solar system must be less than about 0:1%, which will also apply to the binary pulsar 17].
However, it would be wrong to assume that di erences between the 4D and 5D theories are undetectably small. We have worked out the basic result for a new test of relativity that has been discussed for some time, namely the geodetic precession of the spin axis of a gyroscope (4) and is physically and algebraically easy to handle. The absence of horizons means that the objects described by (4) should not be called black holes. Rather, borrowing an appropriate term from particle physics, they have been called solitons. Since solitons are generic to the 5D theory like black holes are to the 4D theory, we expect them to exist abundantly in the universe. They could in particular, make up most of the dark matter.
Ways of detecting solitons astrophysically include looking for perturbations of background radiation elds and tidal distortions in spiral galaxies 23]. However, the best way is to look for their gravitational lensing e ects on remote astronomical sources, and e orts are underway to do this. : (10) Here is a constant related in the space-time-matter theory to the properties of matter.
The latter are obtained by substituting (10) 
The choice = 2 gives p = =3 (radiation) and a scale factor by (10) that grows as t
1=2
.
The choice = 3=2 gives p = 0 (dust) and a scale factor that grows as t
2=3
. We thus recover on hypersurfaces = constant the standard models for the early and late universe.
However, there is more to be learned from (10) 
If we now change coordinates to T = t ; R = t 1 r; = At A (13) we nd u Also, and more importantly, we should notice that quantities like and p are de ned in 4D, while the theory's underlying eld equations (1) (16) which is manifestly at. This surprising result may be veri ed by computer, which shows that all of the components of the Riemann-Christo el tensor for the 5D metric (10) are zero.
Despite this, the model's 4D part is not at, since the 4D Ricci scalar may be calculated to be 6( ? 2)= 2 t 2 2
. We see that while the universe may be curved in 4D, it is at in 5D.
The big-bang singularity must therefore be an artifact of a choice of coordinates in 5D, and to that extent is something of a geometrical illusion.
A natural question which arises is whether other solutions of the 5D theory can be made at by an appropriate choice of coordinates. The answer is negative, since the soliton metric (4) has a Kretschmann scalar that diverges at the centre of the distribution 21], and the same is true of a recently-discovered metric for a centrally-condensed uid like a cluster of galaxies 31]. Thus the 5D space-time-matter theory describes a universe consisting of localized singular sources embedded in a globally at cosmology.
Conclusion
The eld equations for pure geometry in 5D (1) contain as a subset Einstein's equations in 4D (2) with an e ective matter source induced by the extra dimension (3). The one-body problem shows no con ict with the classical tests of relativity, and the extended generic objects called solitons can be looked for astrophysically. Cosmology in 5D is simple: on a hypersurface x 4 = constant the 5D metric (10) gives back good models for the early and late universe, but in other coordinates the 5D metric (16) is actually at. The big bang is an artifact produced by an unfortunate choice of coordinates. The cosmological problem in particular shows how local properties of matter such as the density and pressure are induced by a global solution, and to that extent our approach is Machian. However, the main feature of our theory is that it realizes the long-standing goal of unifying the gravitational eld with its source, matter.
We have done this by using the algebraic opportunities o ered by unrestricted Riemannian geometry and one extra coordinate (x 4 ). However, a question that arises has to do with the physical interpretation of the latter. We have carried out preliminary investigations of this, and it appears to us that x 4 is related to the rest mass of a particle in the inducedmatter uid [32] [33] [34] . We hope to report on this, and the astrophysical tests of our theory, in future work.
